Carbon nanotubes (CNTs), one of the unique one-dimensional nanomaterials, have gained great attention because of their specific characters, versatile functionalization chemistry, and biological compatibility in the past few decades. CNTs can be functionalized via different methods to perform their specific functions. CNTs have been used in various areas of biomedicine as nanocarriers, including cancer diagnosis and therapy. Different molecules such as peptide, antigen, and nucleic acid can be delivered to cancer cells by CNTs with high efficiency. In this review, we summarized the properties of CNTs and the method of CNTs functionalization and illustrated their application in cancer diagnosis and therapy.
Introduction
Nanotechnology as one branch of engineering, which deals with the manipulation of individual molecules and atoms, has got much attention in recent years [1] [2] [3] [4] [5] [6] [7] [8] . With the development of nanotechnology, many nanomaterials were developed and applied into industry [9] [10] [11] [12] [13] [14] [15] . Carbon nanotubes (CNTs) are one of the nanomaterials that are widely used in such area in recent years. They have got more and more attention because of their unique properties [16] .
CNTs are more dynamic compared with other nanomaterials in their biological applications, and they are one of the most interesting nanocarriers in scientific studies. CNTs have displayed obvious prospect that they can cross the biological barriers as novel delivery systems. Compared with quantum dots which have been mainly used in cancer cell imaging, CNTs can also be applied in drug delivery and thermal ablation [17] . They have the ability to enter cells, and this behavior is independent of cell type and functional group at their surface. Currently the detailed mechanisms of internalization (endocytosis or needle like penetration) have not been completely explained [18] [19] [20] . The high area of CNTs can provide multiple sites for attachment of different molecules, which makes polyvalent derivatization possible. In addition, based on the in vitro and in vivo results obtained from different research groups, a variety of chemically functionalized CNTs have the ability of biocompatibility with the biological environment. These results emphasized how the behavior of this material could be regulated via the degree and type of functionalization in vivo, and these two aspects need to be precisely managed [21] [22] [23] [24] [25] [26] [27] . CNTs possess some characters, including a high interfacial area with cellular membrane and unique capacity to incorporate multiple functionalizations. At the same time, CNTs also have the compatibility and transportability in biological fluids. These features make them a useful tool for all kinds of diagnosis and therapeutic as well as drug delivery application [28] .
Character and Performance Properties of CNTs
CNTs were discovered in 1976 by Oberlin [29] . Currently, electric arc discharge, laser ablation, and thermal and plasma enhanced chemical vapor deposition (CVD) are the major technologies for the generating of CNTs [30] . CNTs can be divided into two broad classes based on their length, diameter, and structure. One is single-walled CNTs (SWCNTs) that consist of single sheet of cylindrical graphene, and the other is multiwalled carbon nanotubes (MWCNTs) which include several concentric graphene sheets [31, 32] . The structures of these two CNTs were indicated in Figure 1 . Moreover, MWCNTs can be further divided into two subtypes: doublewalled CNTs (DWCNTs) and triple-walled CNTs (TWCNTs) [33] . MWCNTs consist of several concentric layers of rolled graphite; these concentric layers have an inner diameter of 1 to 3 nm and an outer diameter of 2 to 100 nm [34] . The thickness of single cylindrical carbon layer in SWCNTs is from 0.2 to 2 nm [35] . SWCNTs have a higher ratio of length than that of diameter. MWCNTs have wider inner diameter compared to SWCNTs, and this characteristic can offer more space for high drug loading. It has also been suggested that the outer shell of MWCNTs can be functionalized while at the same time the side wall was not damaged [36] . CNTs can be modified to improve their solubility by efficient methods, which can be employed in several biological applications [37] . CNTs can be oxidized by strong acids, which results in the decrease of length and production of carboxylic groups. And these changes can improve their solubility in watery solutions [38] . Alternatively, the external walls and tips can have better solubility via the extra reactions to the CNTs [39, 40] . The solubility is a main property, which ensures the biocompatibility under physiological conditions [37] . Furthermore, virtually all kinds of active molecules can be linked to the functionalized carbon nanotubes (fCNTs), including peptides, proteins, nucleic acids, and other therapeutic agents. The physicochemical properties of CNTs mainly associate with several aspects, including an organized architecture with a high aspect ratio, surface area, mechanical strength, electrical and thermal conductivity, metallic or semimetallic behavior, and ultra-lightweight [41] . These advantages make CNTs the hopeful candidate material that possess enormous biomedical potentials [42] . However pristine CNTs (such as prepared and nonfunctionalized) are inherently hydrophobic, which have limited biomedical applications. Moreover, the nonfunctionalized CNTs exhibit high cytotoxicity, and it may be due to the insolubility of CNTs or the residual metal catalysts in CNTs. The toxicity of CNTs requires their functionalization, rendering them soluble and biocompatible so that they can be integrated into a biological system. Many molecules can be bound to CNTs (Figure 2 ) [31] .
The Techniques of CNTs Functionalization
Even though CNTs have many advantages, their biomedical developments were limited. The purification of CNTs is still not well developed. Meanwhile, CNTs are difficult to dissolve in aqueous media, which limits their biomedical application, although this disadvantage can be overcome through functionalization [43] . In addition, CNTs are usually undissolved, and they also do not have good biocompatibility. In order to increase their biosolubility, two main techniques such as noncovalent functionalization and covalent functionalization are currently widely used. The covalently or noncovalently functionalized CNTs can be achieved via using different chemical groups [44] . CNTs can be divided into two zones according to their reactivity with functional groups, including tips and side walls. The tips are considered to have stronger functional groups bonding capabilities than the side walls. and oligomers can be bound to CNTs, which lead to the noncovalent functionalization of CNTs. The noncovalent functionalization of CNTs mainly related to the following several aspects, including pi stacking and Van der Waals and hydrophobic interactions. Hydrophobic or p-p interactions are necessary for noncovalent stabilization. The covalent functionalization of CNTs can be completed via the "ends and defects" and "side walls" functionalization. The ends and defects technique has higher specificity and reaction than side walls functionalization [45] . The surface of pristine of CNTs can adsorb polymeric anticancer agents in a lot of cells. The interactions between the hydrophobic chains of the adsorbed molecules and the hydrophobic surface of CNTs can control the binding. In addition, p-p stacking interactions have also been considered to be related to such interactions [46] . The primary advantage of this kind of binding is to reduce the damage to the surface of CNTs to the minimal degree. According to some reports, the aromatic structure and electronic characteristics of CNTs can be preserved via noncovalent attachment. Due to chemical treatment, the emergence of charge on the surface of nanotube is able to adsorb the molecules via ionic interaction [35, 47, 48] . Some researchers have also been devoted to the debunching and solubilization of CNTs; they used nucleic acids and amphiphilic polymers on the basis of the p-p stacking interactions between the CNTs surface and aromatic bases/amino acids appearing in the structural backbone of these functional biomolecules. Meanwhile, the noncovalent bond provides a weak strength for CNTs. These make it unsuitable for tumortargeted drug delivery [49] .
Covalent Functionalization.
The covalent functionalization of CNTs can be achieved via the functionalization of "ends and defects" and "side walls." The ends and defects technology has high specificity and reaction compared with the function of side walls [45] . The covalent functionalization of CNTs also can be finished via the bond between the surfaces of CNTs and the biocompatible groups. Using this way, the surface of CNTs has been modified by different techniques, and this modification provides an appropriate platform on the surface of these materials. At the same time, it also makes covalent biocompatible groups integrate with CNTs. The surface oxidation treatment is a usually way of originating covalent bonding [35] . The surface of CNTs can be cut via treatment with strong acid solutions and then lead to carboxylic group being exposed at the defect point, predominately on the open ends. CNTs in concentrated sulphuric and nitric acid have been treated and heated by ultrasonic wave. The side wall covalent functionalization can be achieved via this process, and carboxylic acid group can attach to CNTs and then make CNTs become water-soluble. CNTs can be cut and oxidized to produce a certain number of carboxylic groups and then be subsequently derivatized with different types of molecules. CNTs can be oxidized by the combination between nitric and sulphuric acid. Meanwhile, the biocompatibility of CNTs can be enhanced via the presence of a carboxylic group. According to extra reactions, the sidewalls of CNTs have been directly functionalized. The introductions of moieties with no the exterior surface of the nanotube produces exclusion between the nanotubes; this behavior makes them easily dispersible into the solvent [22, [50] [51] [52] [53] [54] .
The carboxyl groups at the surface of CNTs can lead to a highly negative charge, which enhance the hydrophilicity of these materials [34, 35] . PEG is a hydrophilic substance, and it can cover the surface of CNTs and make oxidized CNTs more biostable [55] . The stable functionalized CNTs can be obtained via covalent coupling, which makes it become a more suitable tool for drug delivery. But during this process, the side wall of the CNTs has been damaged, which leads to the change of other properties of the CNTs [49, 56] . So the functionalization of CNTs should not be used in some applications, for example, imaging. Further, the function of CNTs can promote their applications (Table 1 ) [57] . These functional features make CNTs a useful tool for biomedical applications (Figure 3 ).
The Applications of CNTs in Cancer Diagnostics
At the early stage of cancer, the effective method to treat cancer is the radical resection, so the early detection has become very important for the cancer therapy. However, the traditional imaging techniques for the treatment of clinical cancer (e.g., X-ray, CT, and MRI) cannot provide enough resolution for early diagnosis and assessment of prognosis. There are no obvious morphological changes appearing in most early neoplastic disorders, so the patient usually cannot be detected via these traditional imaging methods. Finding a reliable method to identify the presence of early biological molecular changes before any morphologic alterations has become more and more important. As an advanced imaging technology in the early detection of cancer, Positron emission tomography (PET) has better sensitivity and accuracy, and
Journal of Nanomaterials 5 it is based on the biochemical and metabolic changes. Fluorodeoxyglucose (FDG) is one of the general radiopharmaceutical used in the medical imaging modality PET. It does not have the high specificity for cancer, but about 95% of the medical imaging technology is currently using it due to its promotion of metabolism [58] [59] [60] [61] . It is urgent to find new methods for early cancer detection and diagnosis. Some classic proteins are usually overexpressed in cancer cells, which can afford a chance for the early detection of the cancer. Clinically, several significant tumor markers have been widely used in the diagnosis of some cancers, including alpha-fetoprotein (AFP), carcinoma antigen 125 (CA125), carcinoembryonic antigen (CEA), human chorionic gonadotropin (hCG), carbohydrate antigen 19-9 (CA19-9), and prostate specific antigen (PSA). However, due to the low sensitivity and specificity for the early detection of cancer, these markers are only used in the following aspects, including deciding prognosis, predicting treatment responses, and keeping supervision for surgical treatment [62, 63] . On the other hand, due to their unique electronic, mechanical, and thermal properties, CNTs have been suggested as a hopeful tool for detecting the expression of typical biological molecules at early stage of cancer. The novel methods based on the CNTs have been achieved, which have high sensitivity and wide linear and ultralow detection. Moreover, the new system of CNTs can save time compared with the conventional ELISA commercial test kits while achieving the similar selectivity [64] . More importantly, this approach can provide handheld equipment with less expense compared with currently methods, such as immunoassays, test-strips, and kits [65] . In summary, the CNTs-based detection may be a selective way for cancer diagnosis and treatment in clinical analysis in the near future.
The discovery of biomarkers that can be used in the diagnosis of cancer has become an emergent work in recent years. Due to radical resection of the tumor being the only method to treat this disease at the early stage, the early screening and detection have become very important for the therapy of cancer. At the early stage most cancers has no obvious symptoms, and the traditional clinical cancer imaging technologies do not have enough resolution for early diagnosis and assessment of prognosis. The change of tissue properties is the basis for the diagnosis of cancer at the early stages, including optical absorption, mechanical properties, and RF absorption. It is very important to find new techniques for the early detection of cancer. Here, we provide a new view about how nanotubes have been used in the different diagnostic principles.
Photoacoustic Imaging.
As a new imaging technology recently, photoacoustic imaging (PAI) was generally used in the different biomedical fields [66] [67] [68] [69] . The theory of PAI is simple. Pulse laser is assimilated via absorptiometric molecule in the biological sample to produce heat, which can induce short-lived thermoelastic inflation, thereby resulting in broadband ultrasonic emission, and an ultrasound microphone can explore all these alterations; subsequently these detected signals were used to construct 2D or 3D images [66] . The primary advantage of PAI is to provide higher spatial resolution and imaging of deeper tissues compared to the most optical imaging methods. The management of external photoacoustic contrast-mediums has become a necessary task. All kinds of nanomaterials have been applied as contrast-mediums in PAI, and these materials have strong capability to absorb light at near-infrared region (NIR) [66, [70] [71] [72] . Many contrast-mediums have been studied for PAI; however they cannot reach to the target site of disease in living subjects.
Due to MWNTs and SWNTs having strong NIR absorbance, they were used as a photothermal agent [73] [74] [75] . In addition, the property of firm NIR absorbancy makes NTs become perfect contrast-mediums for PAI. Some reports have demonstrated the application of SWNTs in PAI, including in vitro and in vivo [76, 77] . SWNTs can offer more than twofold signal amplification in thermoacoustic tomography (TAT) and more than sixfold signal enlargement in photoacoustic tomography (PAT) compared with control. Due to SWNTs being able to give maximum signal compared with other carbon materials, fullerenes, and graphitic microparticles, this characteristic makes them applicable in the PAI as ideal contrast-mediums [78] .
When SWNTs have ability to keep their integrity, they will be combined with other contrast-mediums in order to increase the photoacoustic signal of SWNTs. SWNTs have to be combined with some gold-coated layers or bioorganic molecules to improve their absorbance in the NIR areas. Gold coating can increase the inherent photoacoustic signal of SWNTs, so some researchers have developed "golden nanotubes" (GNTs) [79] . Moreover, some NIR dyes such as indocyanine green (IGG) molecules [80] can be loaded on PEGylated SWNTs to improve the optical density, which result in the presence of multiplexed PAI probes [81] .
Hence, CNTs that possess strong NIR absorbance have become a hopeful contrast agent in PAI. Other than the application of their innate optical absorbance, CNTs can also be combined with other absorptivity nanomaterials in order to enhance or multiplex PAI, which make CNTs also a universal nanoplatform. Now majority of CNTs-based PAI probes depended on SWNTs; MWNTs can also be helpful for this imaging technique. [82] . In order to solve this problem, some researchers have been to continually advance and improve fluorescence probes. These probes can be excited and sent wavelengths reach to the biological transparent NIR window [83] .
Fluorescence Imaging. Fluorescence imaging (FI) performs important functions for medical diagnosis. But the penetration depth has limited their further application in fluorescence imaging
As synthesized SWNTs, only a small number can produce fluorescence after laser stimulation; meanwhile most of SWNTs have not generated fluorescence under the excitation of laser wavelength, and these no fluorescent SWNTs are dark field images. So once polarization-purified SWNTs are applied, most of nanotubes injected into animal can lead to significant decrease. Van Hoff singularities (VHSs) can provide a good character for the density of states (DOS), and VHSs have limited narrow energy bands with high DOS [84, 85] . The energy band gap is in the order of 1 eV between every semiconducting SWNTs, this character can ensure the fluorescence in the NIR-II region under the stimulation in the NIR-I region [85] . Furthermore, the large Stoke-shift between the excitation at 550-850 nm and emission at 900-1600 nm would dramatically lower the autofluorescence of biological tissues during imaging, and this condition can improve the sensitivity of imaging in vivo [86] .
Robinson et al. have constructed a well functionalized SWNTs formulation; this formulation has a half-life of 30 h in blood circulation in vivo, thus leading to more than ∼30% inject dose (% ID/g) drug accumulated [87] . Hence, the SWNTs-based NIR-II FI has enormous potential in the field of biomedical diagnostics, and its peculiar advantages have been proved compared with other existing imaging technologies. Furthermore, different SWNTs have different excitation and emission wavelengths, and this feature makes them become potentially useful material for multicolor NIR-II fluorescence imaging. In other fluorescence enlargement technologies, such as based on surface resonance, the gold substrate can enhance the fluorescence of SWNT [88] , and maybe these technologies can combine to further improve the sensitivity of imaging and detection.
Raman Image.
Raman scattering is a photon scattering process, which refers to emission of photons with shifted wavelengths under light stimulation. The inherent Raman scattering signals of molecules do not involve enhancement mechanism such as surface enhanced Raman scattering (SERS) and are usually rather weak. SWNTs have various Raman peaks, which include the radical breathing mode (RBM, 100-300 cm −1 ) and tangential G band (∼1580 cm −1 ). These Raman peaks accord with the oscillation of carbon atoms in the radical direction and in the tangential direction, respectively. Because Raman spectroscopy can provide particular information on the chemical composition of cells and tissues, it has been studied in the application of biomedical diagnostics. It is very easy to distinguish the autofluorescence background due to the sharp and narrow Raman peaks of SWCNTs. The Raman excitation and scattering photons of SWCNTs can reach to the NIR region, and this is a transparent window for in vivo imaging. Dai and coworker have found various Raman imaging of live cells with isotopically modified SWCNTs [89] . In this work, SWCNTs with different isotope ( 12 C and/or 13 C) compositions (which have distinct Raman G band peaks) have been studied, while different cancer cells with different surface receptors were applied to receptor-specific targeting. Each targeting ligand can recognize its specific receptor, which led to the multicolor Raman imaging of cells in a multiplexed manner. When pure 12 C-and 13 C-SWCNTs are conjugated by different antibodies, multiplexed Raman detection of different proteins can be proved.
The Application of Carbon Nanotubes in Cancer Therapeutics
At the early stage, the only effective method of cancer treatment is radical resection. In recent years, some methods for cancer therapy have appeared with the development of biotechnology; however, a more efficient method for specific target delivery of chemodrugs still needs to be developed [90, 91] . In the past decades, various drug delivery systems were evaluated in order to deliver some chemicals to tumors, for example, doxorubicin (DOX) and paclitaxel (PTX). These delivery systems include liposome, natural/synthetic polymers, and nanoparticles. In these methods, liposomes and polymeric materials are widely used. Unfortunately, the inorganic materials, which have unique physiochemical properties, are largely ignored. CNTs have unique properties, which make them suitable carriers for target-specific drugloadable delivery. CNTs have specific advantages as drugcarriers, which include thermal conductivity, rigid structural properties capable of postchemical modification, sufficient surface-to-volume ratio, and excellent biocompatibility. In addition, the drugs with water insolubility, antigens, antibodies, and nucleic acids can also be delivered into tumor cells via these carbon-based materials, and the unloading of therapeutic molecules is also very safe in tumor cells; then anticancer activity was efficiently enhanced. In this review, we have summarized the application of CNTs in cancer treatment from several aspects.
CNTs in Cancer Chemotherapy.
Medicine for the treatment through a series of biologic obstacles is the first step, which is a vital link for the effect of chemotherapy. These obstacles include hepatic and renal clearance, hydrolysis, enzymolysis, endocytosis, and lysosomal degradation. Some chemotherapeutic drugs have poor solubility, low stability, and high toxicity for normal cells and tissues, which have a serious influence on their efficiency. However, CNTs-based carriers can enhance the biodistribution and prolong blood circulation of therapeutics; then the pharmaceutical efficacy can be increased and the usage dose can be decreased. In view of the fact that the biocompatible SWNT, Liu et al. [92] , made DOX loaded onto branched PEG-functionalized SWNTs designed in order to prolong blood circulation time, they have injected the SWNT-DOX complex to tumor mice. They found that DOX can be delivered into tumors, and SWNT can be cleared from systemic blood circulation via renal excretion. However, physical loading for PTX is very difficult due to its poor solubility in aqueous solution. In order to overcome this hurdle, Lay et al. produced both PEG-graft single-walled CNTs (PEG-gSWNTs) and PEG-graft multiwalled CNTs (PEG-gMWNTs) to enhance loading ability [93] . They found that the delivery of PTX can be sustained over 40 days in vitro. With the development of technology, some researchers Figure 4 : Folate-mediated cancer targeting using single-walled carbon nanotubes conjugated with platinum-containing anticancer drug and its subsequent endocytosis [27] .
have modified SWNTs carrier to improve their efficiency of delivery, such as the epidermal growth factor-(EGF-) mediated SWNT delivery of an anticancer agent cisplatin [94] . In addition, MWNTs can be used for thermal ablation as a carbon-based nanomaterial, which results in hyperthermia for destroying cancer cells.
CNTs in Drug
Delivery. The systemic toxicity of chemotherapeutic agents is often neglected due to the lack of selectivity conventional administration. Furthermore, these agents have limited solubility and inability to pass through cellular barriers [95] , especially the clinical routines which are lacking for overcoming multidrug resistant (MDR) cancer [96] . In recent years, these problems have been studied by researchers all over the world. Several novel targeted therapies have been discovered, which are based on CNTs materials. These delivery systems usually include three portions, and they are functional CNTs, targeted ligands, and anticarcinogen. Many drugs, polypeptides and nucleonic acid, can be integrated into CNTs because of their unique ultrahigh surface area. Due to the existence of endocytosis and other mechanisms, the functional CNTs can pass through the membrane of mammalian cells [94, 97, 98] . They have the unique ability to identify the specific surface receptors when drug delivery systems (NDDs) interact with cancer cells, which can result in receptor-mediated endocytosis. Anticancer drugs can effectively reach the cells via the CNTsbased delivery system, and these advantages make CNTs become ideal candidates for drug delivery. The cancer cells can effectively and specifically absorb the CNTs complex, and the chemotherapeutic agents can be released into intracellular space; then these drugs can more effectively curb the spread of cancer cells than uncontrolled drugs. In addition, the cytotoxicity was decreased by using this novel approach, and the severe side-effects could be avoided [94] . SWNTs can offer higher ability of drug loading compared with the traditional liposomes and dendrimer drug carries due to their extremely high specific surface area [49] . Figure 4 indicates a delivery system that SWCNTs medicated, which can deliver drugs for treatment of cancer. Overall, these advantages clearly indicated that CNTs can be used for targeted delivery system in the future.
Photothermal Therapy.
While thermotherapy has been applied in treatment of tumor patients for long time [99] , photothermal therapy is still considered to be one of the best methods to treat cancer. Recently, some researchers have been reported indicating the possibility of heating CNTs injected into cancer cells and thus induce their death. Photothermal therapy as a noninvasive, uninjurious and effective therapeutic technology can be heated locally just to the tumor tissues via NIR, and then tumor cells have been destroyed [55, 100, 101] . In addition, the side-effects on other parts can be decreased to the minimum by using this method [102] [103] [104] [105] [106] . The CNTs have good light absorption performance under NIR and radio-frequency radiation [107, 108] . Furthermore, the length of nanotubes is a very vital element, and it decides the capacity of heat transmission and cancer cell erosion [109] . The CNTs-based photothermal therapy systems can combine with chemotherapy and gene treatment techniques to obtain more efficiency for treating cancer [55, 110] .
To enhance the selectivity in the treatment of cancer and to reduce the side-effects to normal cells, the targeted CNTs can be achieved via covalent or noncovalent coating with cell-bound ligands, for example, monoclonal antibodies (MAbs) or peptides [55, 104, 110, 111] . In view of photothermal transduction influence, nanotubes have been supposed and developed as photothermal agents for killing cancer, and this function can be achieved via heating the nanotube to ∘ C through sustaining laser irradiation at high power density (3.5-35 W/cm 2 ) for a long time (3-4 min) [112] . Furthermore, photothermal therapy is based on absorption properties of antibody-conjugated nanomaterials, and this therapy method has been confirmed having selective ability to kill tumor cells, but the healthy cells will not be affected [113] [114] [115] .
Delivery of Immunotherapeutics.
The antitumor immunotherapy with CNTs-based has been studied. Tumor cell vaccines (TCV) were used in this method and the immune response of the patient against the tumor itself was triggered by inactivated cancer cells or dendritic cells presenting tumor antigens [116] . In order to enhance the efficacy of TCV, the oxidized MWCNTs can be covalently coupled with tumor lysate proteins by an amide bond. On the other hand, Villa et al. have developed the capacity of SWCNTs to act as antigen presenting carries to increase the response to weak immunogenic peptides [117] . The Wilms tumor protein (WT1) was covalently conjugated with SWCNTs, and this modification makes it become a vaccine target for many human cancers. In their study, SWCNTs-WT1 can be rapidly uptaken by APC in vitro, which is also dependent of dose. In addition, they used SWCNTs-WT1 adjuvant to immune mice and found that mice can cause a specific humoral immune reaction, and they do not see other response against the peptide alone against the peptide mixed with the adjuvant. These results suggested that SWCNTs can be a new tool to deliver poorly immunogenic peptides to the immune system, thus enhancing the efficiency of vaccine treatment.
Conclusion
In recent years, nanotechnology has dramatically drawn attention and interest in medicine and biology. Carbon nanotubes are one of the nanomaterials, which include two forms. CNTs have been functionalized via covalent and noncovalent interaction. Functionalized CNTs can be used as carriers to play their roles in delivery system. The research of their biomedical applications just has been less than twenty years. The CNTs have better biocompatibility and multimodal functions after their surfaces were modified; therefore the therapeutic effect was better than before, especially for the treatment of cancer. Carriers CNTs have many advantages, including high load of drugs, good penetrability, photothermal ablation, and inherent diagnostic capability. These advantages are the key elements for making them as appropriate nanocarriers in tumor treatment. CNTs have the ability to deliver biologically active molecules to cytoplasm, and they need to bypass many biological barriers and play as a cellular needle during this process. Furthermore, CNTs have more surface areas and internal antrums, which can be loaded with targeted ligands and filled with diagnostic or therapeutic agents. In addition, CNTs also have unparalleled electrical and thermal conductivity characters. These advantages make their clinical application possible. Despite CNTs having great promise for the treatment of cancer, we cannot neglect their nonbiodegradable nature and cytotoxicity in clinical use. The emergence of new techniques for surface functionalization may help reduce these disadvantages. We believe that this novel CNT based platform can provide us with a safer and more effective way for the cancer therapy in the near future.
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